This study investigates the effect on: 1) the bulk surface; and 2) the three-dimensional non- CNT-polyaniline non-woven microfabrics could be used as a smart matrices for applications in tissue engineering.
INTRODUCTION
Conducting polymers are proven and widely applied materials with electronic and ionic conductivity.
1,2 A range of new biomedical applications are currently being considered using conducting polymers including development of artificial muscles, 3 controlled drug release, 4 ,5 neural recording 6 and stimulation of nerve regeneration. 7 Moreover, electrically active tissues such as brain, heart and skeletal muscle offer opportunities to couple them with electronic devices and computers to create therapeutic body-machine interfaces. 8 These possibilities make them an important class of materials for bioelectronics. Of various conducting polymer, polyaniline is a well-known, versatile conducting material, which has found particular biological utility due to its ease of availability and/or synthesis via chemical and/or electrochemical methods, environmental stability, inexpensive and classical electrical and electronic properties. Bidez et al. reported the biocompatibility and cell adhesion behaviour of polyaniline in both conducting, i.e., emeraldeine salt, and non-conducting, i.e., emeraldeine base forms. 9 This work facilitates the possibility of smart conductive scaffolds to be used in a range of biomedical applications.
Carbon nanotubes (CNTs) have also attracted much interest in diverse applications due to their unique structural, mechanical and electronic properties. 10 CNTs are popularly applied in energy storage devices, where they are used as a filler to provide mechanical strength in polymeric nanocomposites, although new investigation of CNTs and CNTs based composites have also found application in the biomedical field. [11] [12] [13] Recent studies indicated that materials, with or without pre-treatment to promote cell proliferation, exhibited desirable synergistic effects with cells. Such scaffolds can exhibit a well-defined, biocompatible threedimensional microstructure, which could provide better access for cells to growth factors for regular cellular activities. Furthermore, temperature change is a widely observed phenomenon in physiological systems. Temperature-sensitive materials have, therefore, attracted significant attention due to their ability to respond intelligently to temperature changes. It is worth noting that a novel design of temperature-responsive materials, which are capable of responding to external temperature, have been reported in the literature. [14] [15] [16] The systems are derived from poly(N-isopropylacylamide) and exhibit a lower critical solution temperature (LCST) ranging from 32 to 34 °C. These poly(N-isopropylacylamide)-based materials normally show efficient bioactivity at an ambient temperature, when the transition status of hydrophilicity is present. After their phase transitions to hydrophobicity upon changes of external temperature, the polymeric matrices become insoluble to water, thereby causing a dramatic decrease in the diffusion of substrates. Based on this mechanism, poly(Nisopropylacylamide)-based matrices could act as controllable temperature-responsive bioswitches for biomedical and biotechnology applications. [17] [18] [19] [20] Taking advantage of the excellent mechanical strength, cost-effectiveness, ease of preparation and high surface-to-volume ratio of these three-dimensional microfabric scaffolds, and utilising novel stimuli-responsive functional materials with temperature selfcontrol ability could be highly useful for the advancement of tissue engineering technology.
In this report, we have fabricated electrospun microfabrics of a covalently attached poly(N- and NHS mediate amide formation.
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Synthesis of CNT-polyaniline. The CNT-polyaniline was prepared by reacting 100 mg of HOOC-MWNTs with 0.6 mM polyaniline using 0.62 mM of DCC and 0.65 mM of NHS as coupling agents (Fig 1a) . First, 100 mg of HOOC-MWNTs was added into 25 mL of anhydrous dimethyl formamide under >20 kHz ultrasonic wave agitation for 2 h. To this mixture, a calculated amount of polyaniline, DCC and NHS were added and then reaction was allowed to continue for 12 h under continuous stirring at room temperature. Unreacted reagents were then removed via dialysis using cellulose dialysis membrane (M w cut-off 10 kDa) against anhydrous dimethyl formamide for 48 h. CNT-polyaniline was filtered and dried under vacuum. CNT-polyaniline yield (%) = 94.20. Next, the solution mixture was placed for 12 h under moderate stirring at room temperature.
Synthesis of poly(N-isopropylacylamide
The resulting homogeneous solution was taken up into a syringe (1 mL) fitted with a metallic needle of 22 gauze. The syringe was fixed horizontally on the syringe pump, and an electrode of high voltage power supply was clamped to the metal needle tip. The flow rate, voltage supply, humidity and distance of tip of needle to collector surface (i.e., aluminium foil) were 0.32 mL/h, 15 kV, <15% and 24 cm, respectively. Finally, the microfabric scaffolds ( Fig. 1d) were collected on aluminium foil and dried in vacuum desiccators for 48 h at room temperature.
Characterisation.
1 H NMR spectroscopy was used to examine the chemical structure of (Fig 1c-d) . Typically, electrospun microfabrics were extruded under an anode CNT-polyaniline is shown in Fig. 2A . The peaks at 1.1 ppm (a), 1.7 ppm (b), 2.1-2.2 ppm (c), 3.8-3.9 ppm (d) and 6.6-6.8 ppm (e) were due to presence of -CH 3 , isopropyl group, >CH-C=O, -COOH, -CH 2 -long non-aromatic polymer chain and amide protons, respectively for HCOO-MWNTs coupled with poly(N-isopropylacylamide) chain by amide linkage. 24 The aromatic protons were observed at about 6.9 ppm whereas a triplet peak at about 7.5 ppm was observed because of ammonium proton (-N + -H). 25 
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